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I. PUBKjCK 

Develop and evaluate inlrarcd aensorc for apace aatronoiny. 

IT. ACTTVimC 

The profrran conaiated of evaluating throe aenaora, a Xerox KOG vldicon, a P.CA 
allicon vldicon auid a General Electric doped germanium vldicon In a General 
Electric Camera. 

A. Xerox EOS Vldicon Evaluation 

An EOS model XViO’O uevelopnental vldicon waa operated In a cooled, alow 
scan, teat set to evaluate Its usefulness for exposure times In the range of 
10 seconds and longer. 

The data sheet Indicated a dark current of 200 nanoamperes, at room tempera- 
ture. Since that is four orders of magnitude too high for the proposed exposure 
times, cooling of the photoconductor is required. It was estimated that a 
temperature reduction of 100 to 130“C would suffice. 

Test Rfejults 

Cooling the interior of the camera head (the immediate environment of the 
tube) to -130*C (measured 2 cm ahead of the target) was required to obtain 
marginal operation. 

It was thought that the high power dissipation of the gtin heater (6.3 volts, 
300 ma, 3*8 watts) was preventing the target from becoming sufficiently cold. 

The hea'cer voltage was reduced to two volts which reduced the neater power to 
0.68 watts (339 ®a) a reduction of 5*5 to one. The resulting cooling of the 
target separated the photoconductor from the coiiductive window coating in many 
stripes rather exter. -iy damaging the target. Although cosmetically severe, 
the target damage did not prevent continued evaluation of the tube. 

At the reduced heater operating level of 2 volts, the dark current at an 
ambient temperature of -77*C was in the order of 120 picoamperes at a target 
bias voltage of 8.2 volts. Tbe dark current fluctuated over a 2 to 1 span 
as the cooling apparatus cycled in the order of 7*C. 


• • III. 

2 

Curve ? of Figure ^ Bhows the transfer function obtained with an un- 
filtcred incaclescent light source. The incadescent source temperati re was 
estimated to be in the order of 2200* K. 

Curve 1 of Figure 1 shows the measured dark current under the operatir«g 
conditions listed in Figure 1. Note the dark current is large compared with 
the signal current. 

Figure 2 shews the severe effect of gvin heater voltage on dark current. 

Although detailec. measurements of resolution were not made, the response 
to a square wave test pattern was found to be 50^^ at approximately 15 cycles 
per mm. 

Very crude tests with 8000A* and 7500A* narrow band filters did confirm 
the tube's response to near infrared illumination. 


Conclusions 

Operation of infrared vidicons of this type for long exposures could be 
improved significantly if fitted with lower power electron gun heaters. 

Photoconductors of comparable infrared response with lower dark currents 
would, of course, be helpful. 
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B. BCA Silicon Vidicon Kvaluation 

An RCA oilicon »idicon with an enhanced red reeponse was tested In 

the lahoravory for IB sensitivity, frequency response, noise and integrating 
capat>ilities. 'ihe results of this study are reported in the following report 
hy Crane and Davis, which was published in "Publications of the Astroncsaical 
Society of the I'acific", February ’975» 
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(;maua(;tkius"i ICS of tiii: silicon diodi: vidicon 

I'liit.iri’K cmam; ani» maw; davis • 

ll«iir\ l>«-|).irtini III, I’riiK'rtoii I’nixt iMly 

/Il f « II I f/ /'<r I y«/y i«. Ill l'« «/ /'I* I htln r I 


A M-ni-k of l.dMiMlofy tr'If i 4 llif mIiioii iImmI*' Im« yii-liiiil v ilii.tlilf Mifoint.dMHi 

of |i,ir 1 itiilj| iio|M>r 1 ,«tK III 4diiMHMiii'r» llir vkIhimi^ mi-ii' opf i^ltii in inuilr- Ifii' 

litit OmMiti lli,il ifiiv miImoik t.in In- i tiHxlift In ii|m lull- willi 4 ilyii.iiiiit I4n|(i' of IIVIO, 4 
tiKiul III iiiMM- r.ilMi III ^Nl I, ,111 M l K of ^ri ,il III tyi!i'« iiini 4114 I llll•■t:t 4 lllln i .i|i.ilnlilii-> of 
M-vi'f 4 l liiHirN. 111! niN'i' III llif iHil|iiil tliH « mil -ililii -n In fn' liniili il li\’ iiIioIini kl.ili«lu*, ImiI i« 
diMniii4lifl fn «yMi'iii.ilH rllitl« llii ii\iilt« dHifiitii lli.il ihrM- ili’VHit 4 rr •■tlri'iiii'ly Kiiml 
M'iiMir« fill low tiHiti 4 N| lii^li'ii|ilii .il I1ii« |iii 4 iliin« III ,i\liiHMmiy. 

Xty uiiri/t in^lmnii'iiluliiin — |ilinlufn<'li> 


I. IntrodiK'lioii 

I'lif siliciiii (li(Klf Milk-oii li.iN iii.tiix iillrailiM* 
ffutiircs for ci’rtaiii <*1 a\lriiiioinu.il olisi>r* 

valioiis. Aiiioiii; ihcv arc: lll^ll•<|llanllllll t‘(Ti- 
cicMK-y o%cr ino>t iif flic \isililc \|Hxlr,il rail}*!* in* 
I iiidiii)' cxccplKiii.ill) giMHl rc'^MMisc ill tlic 
wuvclcii^lli rc^idii from WKKI A lo lO.IKIO A. an 
cxlrcmclv lar|<c ilyii.imic ranuc. and .in .dino\l 
liiic.ir pliolomctric ic>|miiim>. (axilini' llic IiiIh-« 
lo about — C0° C allows inlc^r.ilion limes on llic 
order of seseral lioiirs willi rel.ilixely lillle loss 
in dynamic raii^'e due lo leak.i^e uirrent. How- 
ever, there aie some sacrifixes dial musi be 
svei};lied xx itli tiie alxixe adianl.i^es in pl.umiu^ 
an ap|)licat'<)ii of ibese desices. (ieiier.ilb, die 
spatial levilution dial can Ih* obt.iiuid with lur- 
reiilly available siludii duMle lai^ets is not as 
real as can be obtained with certain other 
targets and sensors. .Also, sime e.ich incident 
photon produi-es at most fiui* ch.iri'e-hole pair, 
and since this pair le.ises a ch.iu^e of only one 
chai);e on the diinle matrix as evidence of the 
photon, the miiiimu.n ilelix t.ible iiumbvr of inci- 
dent photons IS in priiK-iple limited iiv the noise 
in the fiisl sl.nje of the pre.imphrier. This noise 
is Ivpic.illv on iheoitlei ofsever.d hundiixl i hx.-- 
trons per resolution element .iiul implies th.il 
this tvpeof vidicon will not be useful m applica- 
tions where tin- number of phtitoiis is sm.ill. I’lie 
gre.it .idv.iiit.iaes ol the sdusiii diode tube .ire 
re.di/ed iii observ.iliou.il pioar.ims vvheie theie 
is .1 rel.itivelv high lliis of pli itons per piituie 
i‘lemeiil e*.ii it is desned to in. ike exposines 
which att.iin an estiemelv high sign.d-to-noise 


ratio, llie high signal to noise ratio can lx- ob- 
tained siiKC the large dviiaiiiic range .illovvs 
mans tens of thousands of photon events |)i'r 
revijiition element to Im- acxumulated and hence 
giMid statistical pievision to Ih- achievi-d. 

.\n im|>ort.itit problem for tin- .ipplication of 
these devices is to understand the extent to 
which the .iImivi- inherent c.ip.ibihties of tln-se 
tiilH’s can be re.di/ed in .ictii.il astioiuanical ob- 
servations. It is the piiqxise of this p.i|H-r to 
re|Mirt on .1 l.ilMir.itorv- evahi.itioii of some of tlie 
reievant ch.n.icti-ristics of the silitxin vidicoti. 
I'he main emphasis of this work has bi-t-n to at- 
tempt to iindeistand the souiees of noisi- in the 
vidixi output, .md the extent to w hich tin- vidis) 
sign.il can Ih- coiisideied photon noise limiti-d. 

Th»-re have bix-ii sc-vi ral pievimis p.ipers ih-.il- 
ing with v arious pioperties of silicon duMle viili- 
cons. One of the e.nliest .ind most-ixmipiehen- 
sivt- p.ipers is the vvoik of (.'lovvell .iiul l.abtid.i 
( 1 ‘Ki'i) dealing with plivsital piopertii-s of the 
silicon t.irgi't. More ri-ci-nt woik. more along the 
lines of application to .istronomical probli-ins. are 
the p.i]M-is bv \|c(aird .iiid W’estph.il .nid 

bv ^tl(^lld .Old Ifosel (l 9 T 3 i winch touch on 
some .isjH-.ts of the probli-ms discussed here. 
Then- .lie, <»f course-, m.inv other p.i|M-rs ni the 
litei.ituie di-.ihiig with v.nioiis as|Hxts of tln- 
siliciui vidicon. Ixit .1 full rc-vn-vv of the literature 
Is not .ippioprt ite In-it-. 

Scx'tioii II bc-low di*i-ussi-s the det.iils ol thc- 
ehx'tioiiic h.ndw.ire •■mplovixl m this studv. 
>i-ctloii III discusses tin- v. 11 ions tc-sts th.it wete 
|H-ifoiiued, but ,1 lull discussion of the- noise- is 
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HNrr\«-il (<>i ‘iiitoit l\ \' m.iki-s vinr 

.tin. ill* Ills til llll‘ itlisfl \ .llMiM.ll |VtS< 
Slltllllll S. Si- (Mill \ I Mlllllll.iri/l'S IMII II Mills 


II. C'MimTii-SvsIcin DvIuiU 

rllf (.IIIH'I.I swil-lll til. it \\,|S IIMtl ill tills SSlIlk 
IS lllf S.llllt HIM' tll.ll It. IS ll■■|'|| I ||l|tlliv I ll IlS l.ll\S’- 

r.iiKi’ iiikI /luiliiiMi il‘l7l' for llir (lrsi'|ii|iiiH-nt 
of llic SI'.O \ i(*i«.iiii tnlif Tin* swcfji t>i'iiri.iliiis, 
sweep aiiiplilii .s, till- ssikIi ^eiier.iloi, .mil s.iii- 
(MIS miilriil (iiinils oi llie .SK(> sssieiii we e 
irMMlliied s|i^|,||\ lit .illow tlieiil to illise tliC 
silicon (IiikIi- l•■|K■. riie oiiU piixe ol new eoio 
stinition lli.it w.is ii(|inre(l w.is ,i new (..iiner.i 
In .1(1. Kii’iire | shows .i IiIimIs (li.i)>r.itn of the 
raiiUT.i syleiii .iinl intlicales some of the Inne- 
lions ol the various p.nls. I he p.irat'r.iphs helow 
(lesvrilw some of the lelev.iiit del. ills of the 
hardware. 


\. Cuincrii llfiul 

1'he eamer.i he.nl ((insisted of the silicon 
diode vidicoii IiiIm*. the fix ns .ind dellection coil 
assemlilv, .i li(|iiid-mtrot'en-cooled ((i!d hox, 'he 
initi.il pre.imphiier, .md some other .issik i.ited 
dev ices such .is erase l.mips th.il vv t re used to 
short •citciiit the du.des piior to a reeh.irijin^ 
cycle, llie cold Imin. a I’lodiicts for Hese.irch 
■Model TK-lllN'. h.id tin* c.ip.ilnlitv of ciMiliiit; 
the tiiln- to well la-low — lOtl' lint was nor- 
m.illv opei.ited .it .ilioiit — W)’ C,’ since the d.irk 
current in the tnhe w.is siiiricieiillv low .it this 
tem|>er.itme to .illovv several hours of intejir.i- 
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Km. I — HI.h I ill. < 1.1111 lit till' 1 .iiiii'i.i sy-ii'.ii 


tion. The lilst st.iee ol the pli .implifiei W.is 
iMMinted inside the (old Imix in .IS ( lose proximity 
to till t.il^i I fl.iiii^e .IS jiossihle III oidel to n din i* 
the input (.ip.Mit.ime and thus to ii diiee the 
noisi .ISSIK I.ited w ith this ( .ip.u it.mee .\nothei 
.idv .iiit.itte III moniitmi’ the hist st.i^e in the oild 
Imix .iiose hix.inse o( the rediiitioii m the John- 
son noise III the t.ii(;et'hi.ismi’ resistor. The rm.d 
oi'K-r.itnit; <oii<htion ol the pre.miphrier nndi r 
t'a'se ((iiiditions ^.ive .i noise of .ilHiiit ± 100 
(hxtrons |M'r lesoliition element Tins li^llre 
p oli.ihly (oiild have hi-eii impioved consider- 
ahly, hot vvmild not h.ive improved the tnhe 
threshold siihst.inti.div since this was ihiI the 
liiiiitiii^ (‘lemeiit. as onr discussion helow jMiiritx 
out. 

The vidicon tiihes that were used in this woik 
vveie commercially .ivail.ihle miKlels mamif.ic- 
tilled liv HC.\. Thiiv tiihes were avail.ihle for 
the tests (lescrilM'd heie. Two ol these did not 
h.ive .1 niameiit lit^ht shield and thus could not 
Im' used III the stow-sv.in iiMMle iMX'aiise h.ick- 
h^htin^ fioni the niament was too severe, 'llie 
one tnhe which did h.ive ,i ril.imeiit lil^ht shield 
h.id lediKcd ha( kh^htm^ prohlems hut mver- 
theless this remained .i serious prohlem as the 
disenssion in section \’ helow indicati's. Hie 
tnlH' which vvas used for most of this work was 
an IU7\ T>S.) whidi h.id a nomm.il t.iiget thick- 
ness of 20 . 111(1 hence enh.inced red ies|v<ms(*. 

The sweep coil employ ixl, an H(7\ r’ii2.30, is 
.ilso coninierv i.illy avail.ihle. 

H. EIrrIrnuics anti Control Cin uitnj 

The electronic contiol system was extremelv 
llexihle, the taiget hi. is. the mesh |>otentiaI. the 
w .ill-liK'iis volt.ige, the scan si/e .md |K>sitioii. the 
he.im current, .is well .is m.inv other parameters 
could Ih' momtoied .md adjusted ijiiite e.isilv in 
Older to optiim/e the perfoimance of the c.miera. 
The immlier of sc.m lines per fr.ime .ind the mim- 
lu-r oi s.ini|)les per si.m line were also adjnst.ihle. 
It W.IS mi|N)it.int to set the niimher of scan lines 
III order to oh.'.iin .i minimum of oveil.ip hetweeii 
lines so th.it the veitic.d resolution would not 
Ik- (It nr.ided. The niimiM'r of |vnnts at which the 
itidividu.il sc.iii lines well- s.mipled was chosen 
so th.it the s.miphnt; fic(|uencv w.is just twice 
the fiei|Ueii(V .it vvliidi the miiiiiiiuni noise in 
the pit.m.phlier iK'cnrred. Iliis assured th.it 
the Inchest sp.iti.il lre(|U( i;i les of interest would 
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CIIAM.V.IKIUSIKA or Tin; SlUCOS' l)|0|)i; VIDK <)\ Jto 


ll,l\r ,l> lltlll I «tl.l IMMM* fllMII IIm- |•r<MMI| .M-r 
\t Sll'IM .IS |M|SS|ll|l 

riillosv ini' llir Miili.il iiii-.iniiililirt s|.ii;i‘ \s.is .1 
lim ji.iss \ nil II hill I. I l;r iiilliill liii|Miiii\ III 
tills hill I St .IS (liiistii III sii|i|iii'ss s|i.ili,il hr* 
iinriK ITS St hull li.iil III I'll .illi-iiii. ill'll lit iiioii' 
ill. Ill Vf. Ill till* t.iii>rl .mil riMiliii^ S 11 iMiii 'llii- 
ili^il.il s.iiii|iliiii; lri-i|iii IK'S ss.is iliiisi-ii III hr 
Ml Kll/, .Hill till- siilrii lilli't III i|iii'ii( V Im'^.iii III 
mil nil .it 211 K' 1 1/ .il a rail' nl .iImiiiI id ilh/iK l.is r. 
in iHii liii.il iiiiiiii'iiraliiiii. str s.ini|)liil |02l 
|Kiiiils |irr v.iii liiir with TVI si.ni liiirs iiii llir 
I cm* l.ii^i'l .iir.i. Diitiiii' |iitK'rssiii(>, till il.il.i 
vcrrr hir.iiril In 2*/i |miiiiIs jn-r si.in line thus 
tlr^llllll^ a trsnlnlinii rlrilii'lit nl .ippriiMiii.iIrly 
.lO/x X 10^ 

j* rxirriiirls iii.|>nraiit .isprcl nl llir inn* 
trn. lit; rirt. tiniiirs is llir stahilils , liiir.irity, ami 
rcpriidiu. ihilits if .l.r linri/oiilal .iml sirtical 
ksvrrp circtiils. 'Ilii drt.iilrd rr.isniis fin tins .nr 
clisi'tissi'd in srt lion l\' hrinw . ^•*n^ iiiir sssiriii. 
llir ^riirl.itrd sssrrp \nll.ii<rs wrir liiir.ir him * 
(ions nl (hr Iiiim' In In-tlrr tli.iii O.OVi. Ilnwrtrr, 
it is possililr lli.it the sssrrp cml .iiid llir liisinry 
of till' sliirldini; nf (hr sssi-rp end cniild li.isr 
intindiiiiil l.iigrr limr-dr|M'mlriil iinnliiiraiilirs. 
Till’ sssrrp uicii'ls svrii* st.ihir .itiil irpindiii ihir 
to hrtirr tliali 0 IV. Illis implies tll.it tlir sssrrp 
circuitry could irli.ihls jil.icr llir rhvtrnii hr.im 
to hi'lirr tli.iii 10^ on dll' l.irjicl. Tlii'sr iiiK-rr- 
lamlii*s in the hr.im |Misitii>ii could sscll li.isi' 
Im'cii tin* liiiiitmi; iinis«' f.n tor iu this stork tW'rst- 
ph.il H»7l>. 

Tahir I sniiiiii.iti/rs (hr s.irioiis opiT.iling 
|wr.imrlrrs of thr ss sIrin. 

C. Oix rnliitii Ih lulls 

This section dm iisst's soiin* of the coiisiilrr.i* 


T.MM.K I 

I’AHSMtICHS Of A SlMa.f. Sl.osv S< w rHAMt 


Scan ss.".< 

I’lxrl time 
l.inr limr 
Fr.imr time 
I’lxrls/I.mr 
itrsnhitinn rlrinriit 

l.inr s/l''i.nni 
S( aiiniiin-hr.iin 
s|>nt size 


I mi X I cm 
l(>.2/x SIX /pixel 
Ki.T m stv/liiir 
.j.f) srr/fi.nnr 
1021 

-I |>i\rls siillllili il 

tnnrihri | 10^ X .50^1 
TVI 
- «l#i 


linns ‘h.il ynsrllH'd ihr srlixlmn nf s.iIUMis 
n|M'ial'iii; pritrdiiii's .mil p.ii.nin Irrs Mn^l il 
this mfnim.ilinii iliM's nnl ii'sr.il .ms ihm^ in-w 
•iImmiI llir sihinii dindr tnhr, ImiI it is nii|i<ii l.nil 
that ihrsr piiArdilirs In- slrsi tilHxl sn ih.il allS 
AS s|i ni.itii rlhs Is in niir ri suits i .n. hr rs .ilii.ilrd 
h\ nllii I ssnikris 

Ki ll ir ni.ikmi^ an rx|Hisiirr ssilh thr sidnnii. 
It SS.IS iH-irss.irx III pii'p.ilr the t.ll^rl tn a st.m* 
d.iid t h.ll^r sl.ilr. Hiis ss as ilniir hs niMidni^ ihr 
l.ii^rl ssilh lltlll Irom .1 set nf h^hl rniittini’ 
dindi's, and llirii rri h.ir^iii*: lhiniit;h a lisrit 
niinilH-r ol sc.ni flames al (hr nsn.il (i sixniids |h'| 
iramr rate. 11ir rxarl numlM'i of fr.nnrs did not 
matter critiially past six. hnl ssas alss.iss con- 
stmt ss'ilhin any particnl.n set of d.ita IJiirmi; 
an rxpnsuir (In* ril.imrllt ssas luilird nil and 
photons ssrir .K'cuniiil.itrd on thr l.irt’rt I'linr 
to thr ir.idont nf an rx|>nsnrr, thr iil.inirni ss.is 
tiirnril on .nid the t.nj»i'l hi.is ssas i.nsrd In oiie- 
h.ilf soil III order to insiiir (hat thr ss.unnn» 
Im'.iii) ssonid l.nid rll'Kirntls rsiii on air.is oi tin* 
t.ir);r( sslni h had nx-risisl hitir or imi h^ht 'llir 
rr.idiiii;-hr.un curinit ss.is set at ihr |>nin( sshrrr 
further iimr.isrs in this c uiinit did not itn tease 
the s idro si^n.il. llir liist sr .111 rllu iriKS ol the 
IiiIh’s ss'.is alMinl 75V uiiih-r lhrs«' o|M'r.itin;’ too* 
ditinns, and .ilthoui*h this ssas crri.iinis not 
idr.il. it ss as dix'inrd aiUspi.itr. 

A lather srtiiHis prnhirm ss nh Ih'.iiii pulling 
neat hriahl-|Hiinl ohjixls ss.is iinlicrd in these 
IuIm'S. lliis iK'cuis sshrii llir rirctrnn scaiinmi; 
iH’.nn passes near a hi'Jils r\j>osrtl rri;ion of thr 
taigri .nid is drili-itril finm its usii.il path .ind 
iiKorieilly indir.ilrs thr prrsrnn* nf Irjil I’ail 
of thr tr.tsnii lor this phriiomrnon is th.it the 
fiK'US rirld IS Olds .iImmiI ft) I'aiiss .mil thus thr 
scanning Ih'.iiii is not as still .is it could Im-. One 
ohsions ssas to iriliiir this ptnhhui ts to mi ir.isr 
thr fiH'Us field sti.in^lh. \llhniii;h tins prohlrni 
ssas ijiiiti' ohsiiHis .mil (riNihIrsnnii* ssilh nor 
siliimi dioilr IuIm*s it is prnhahls pirsriit hut so 
far imdrti'ctrd in olhn siihion ilrtivtnis. anil 
mav ii'prrsrnt a linid.nnrnl.il hmit.itinii to thru 
use for crrt.iiii .isttnnnimc,il |sinhlrins. 

III. I.ahotatorx |-'.s .ilii.it ion 

The l.dml.itniA -rs .dtialinn prot^l.iin txisriril .1 
ss ide i.in^r of v idirnii 1 •pri.itioii.il 1 h.ir.iilriistu s 
llii's** arr.is ssrir the Ini loss ni^ mli't;i.ilinii limr 
si'tsiis ll■nlp■'l.llnlr, sp.iti.d tradnlinii. i|ii.iiilin:i 


r 



4 


I 


1 


I 


. 1 ’ 


9 

CHWK W) DAVIS 


l(\ i.lt dl«' M n>HIS MMIM •• ftl r.ltHllMII IMIIM* 

Ml iiiir iIii' Immmi nu ill Imm'^ iiiiisf 

wllllll It l 4 l'IM'l.lll ll ttlllil ill! lull I !.t iMIll lllMIII 

lit li.ii) 4 i't till- Imi Ik |it.iii' III till' l.iri;rl III lit itim 
11111111111 |Ml|l llll.ll I IN ,ll llll rillinlv IMIIIII lt|lll* 
liliiMiiii Ih'Iu 1 1 II iIm* I Ii t liiiii Im ,1111 .mil llii‘ l.iiui't 
miplii't .III Hill I'll.iinlx III llir I li.ii'^i* lr.iiiv|i-in il 
III llir t.iitii'l i;i\i iili\ llir rcl.iliiiii 


2C 



will'll T It till' l•ll■f^Illll lii'.iiil Irlliprl.lliirr (■*' 

1 1()0' K ' .mil (' it llir l.ii^i'l 1 .ip.ii, it.iiH !• |K'i fi'sii- 
llllliHl clrllli'llt Slliri', III |)r.i(.'lK'(‘, llir l.ll^i'l It 

|m‘|).iiril . 111(1 llirii n , 1(1 mil li\ llir t.inii* tt.miiin^ 
iic.im, llicrc It .III iiiui .itcd iiiKril.imlt fioiii lliit 
iiMiii.mitm ili'r III till- iiiK-'.'it.imlt in tlic iiiiti.il 
I'h.irnc tt.ifc III i!m' i.irMcl, TImt the toi.il iiiKcr- 
liiiiilv (liic to till' tc.mi < 1 ^ Ix'.im it ^itcii li\‘ 

• V2kn: 

I'lic iHMiii-tw il( liim; iioitc w jt nic.itiircd by 
K'lM-alcdly prr|i.iim^ .iiid tc.iimiiii' tlic t.irp'l 
.md tlii-ii cx.iniiiiiiu' tlic ii.imc-tii-rr.imc ilticto.i- 
liiMit (if tlic iiidit ido.il pitcit l licoolpot ti^n.d 
iiuliidcd tlic prc.impliftcr imitc .it well but tint 
wat .ittnmed tn add m ipi.idr.ilnrc witli tlic bc.iiii* 
tw’ilcliint; unite, .md ennid tlicrclnrc I'c rciniivcd. 
•Ant .iddilinii.d unite inlrndiu-cd by tlic prcp.ira* 
linn pKX'cdnrct wnnid lute .i|)|H'.ircd at bc.mi- 
twililiiii^ unite in mir pincdnrc. A bc.im- 
tw'itcliiii^ unite nl .ippinxim.ilciv UK) cKvtrnnt 
|H-r rctnintinii cicmciil bad Im-cii cx|>ix'lcd, but 
the nic.itnrcd x.dnc w.it tintc tn 7(K) cbx'trnnt 
|H-r rctnintinn clciiicnt. One pl.intibic expl.in.i- 
tinii fni p.irt nf lint incrc.itcd unite it tli.it the 
elevlinn br.im ttnkiii'' tlic tai^et it elleclixely 
iiUK'li Iintler tli.ni tlic I lOU'’ It e.illinde. 

.\dditinii.il be.mi tw i tilling unite ni.it arite 
iHx.mte ibe t.irp'tt .ne diterele tinietniet (tin- 
l.iininii^ dindet 'p.Kcd .dmnt I5pi ap.iit. 'Ilie 
teanmn<4 elet trim be.iiii It pie.dit b.it .i di.iinelei 
nl .iImiiiI .U> ^ .md tbnt te.mt niilt a lew dindet 
at a time. mlei.Kliii^ w itb tbe diiubt ,md ibe 
nitiil.iinu’ le^intit brittren tbe ilimlet in a t.ilber 
eninplex in.mner. It it .ibn pnttibb* Inr lint iiiMi- 
l.itmt> rei^inii brt'.trrii tbe dindet tn iH'ennie 
i barbed e.intme iinntepe.il.ible irir^nl.iriliet m 
tbe l.mdim; nl tbe • l^itinn Ihmiii. Ibitb n( tbet< 
iii'X'b.mitmt lie |>ntt||ile eantet Im die nu ir.ited 
Ih .nn-tw it( bine immm- iibteixed in nni d.it.i. It 


tbnnld be |Mittilile In lediite nl rlinini.ile lie mi* 
ttvildmit’ iHitv bt iiilindiii in^ a enlil '. .ilbiHle 
I’lni min tbe IiiIm-. 

I'bnlnn-tlinl unite in tbe iiH ideiil b^bl lie.nn 
wat tbe tnnuc nl imite tt bl( b we tt.mlrd In mea* 
tnre mnti r.iielnlly. l int unite tlnaild iih ir.ite 
like tbe tipi.ile hmiI nl tbe I'IIIiiIn'I nl pbnlniix 
timed, .iihI. tbeirinie, we made eX|Nitnrrt nl dib 
leretil Inl.d iiilentily in order In nie.iMire tbe in* 
eie.ited unite wilb tm rc.itme ti^nal. Ibe l.ir^el 
wat nnilnimly I'Innnii.iled bt a lel.ititrly (xild 
iia-.mdeMcnl ImiIIi tbriMieb a tniall, ditl.ml pin* 
bole. Kit'iire 2 it a t^r.ipb nf tbe letnllt. K.n b 
ineatnrrd |Minit in tbit lii;nie repretrnit tbe line* 
In.itiniit nf iiiditidnal pieinre eleinetilt ulmnl 
ibeir ine.m value fnr texer.d tiKcettive uaiit nl 
tbe l.ir^et .It tbe tame ex|Mitnre letel. 1'be retnilt 
indicate lli.it nnr dnmin.ml unite tmirix* wat a 
Inie.ir linainm of tbe ex|aitnre letel, and ibal 
tbit unite (iimpfrtett dniiini.iled the eX|Miled 
photon-tlio* unite. An explan.itinn fnr tbit is dis* 
ciitted below. In tpile nf tbe alaite Innilalinns, 
tbe ti}^ial-ln nnise ratio in l!ie d.il.i wax tery 
^(Mid Kor ex.nnple, in an ex|)otnrr nf G X 10^ 
elecirnnt/retnintinn element, we me.itnred a 
unite nl 22IK) elettrnnt, ibnt ^ixin^ a SIS of 
^re.iter tb.in 2<K);1. 



Km;. 2 — I'lel ef IK>l*r r\|M. ;*lr lr»rl» Tlir lion* 

/iHil.tl Imh''. .nr tin lliii''l)i>ltl liti U fin pi. .ini|> ihnm* jihI 
pir.iiiip .iimI Im ,i.n IDHM* XImi *liraii .i(r llir r(|M<ilrtl 
.mil iiir.iiiiiixl imi<M’ 'lln- h|n-ii inilrx air .‘lir inr.iMirril 
immm' \i nil llir nil lit^lit (A > ‘Kino A lillrritl mil 
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11 . Si'Un • \ nj Sniiiaiiihnn \itisr 

'I li<‘ III. nil Mdiii <• 'll iHtiM* III iNii r\|HiMiri \ Imh 
In'I'H lit || IIIIIIH il I'i Im .1 '■ III. till riliit >|MMII '4 

fiiiiii lull III iiiimi'* 4 InIIiiIiiiii hI iIm' m.iiiiiiiii' i'I<( * 
linn iii'.iin Milli l«-s|n «l In iIk* l.ii'^rl I Ins iiiin* 
rr^islMlmn < .in lir .m i iint in llir niili.il |i<iNlinii* 
ini' nl lli<‘ Immiii nil llic l.il| 4 < l, nl ll ( .in In* .1 linn* 
r«-|>«-.il.iliilil\ n( llif Si .III. II tin- l.iri;«’l is nniinnn 
dinl iinifniiiiK iaimimsI, liir liisl i-ni-il will nnl 
iiilinilni (■ .im iinisr inin tin* siiliti si^ii.il. 'I 1 ir 
sii-nml I III si IS ,1 liiMiii w.iinli-iiiit' |iliiiinnii'iinii. 
ill wliiili lln si'aiinin^ Ikmiii i.iii w.nKl< r rillii-r 
|m*I|> 4 -iiiIk nl.ir nr |mi.iIIc 1 In lln* iliiis linn nl 
Iras'i'l. Msnli-iiis’ Inr ImiIIi l>p«’S nl Ikmiii w.imli'i 
w i-rt- (niiml. 

Tli<‘ siliinii ilimli l.irp'Is .irr nnl iiiiirnriii .nnl 
li.isf si^nifK Mill si'iisilisily ‘. ..r jliniis, wliitli 
ni.iU-s mil tn•lllislt■^lslr.lllnll .1 si-rv si-iiniis noisi* 
MHiii'c. Ill till' |>rfSfiK'r nl si'iisilis il\ \ .iii.ilioiis, 
lln* liiif.ir iinisi' Irnii in rii'iiii* 2 is nnl niirs* 
pis Ifil Ihimiisi* il is Iiii|>nssili|f In irijisliT lln- 
fliilron liiMin in a p«-ifis.ll\ iv|kmI.iI)I«- in.nnirr, 
SnpiKisr lli.il Iwn fi.niii'S air In Ik- isiinp.ilril anil 
lli.il niir li.inir is iiiisri ^isli-iril w iili irspis l In 
llir nllni li\ €. If lUx) is llir rrs|Kinsi- nf llir 
lar^ii .ll |M>silinii v, linn llir niisrr^isli.ilinn will 
proiliiif a nnisr isiiii|Nmiiil willi saii.ini-r if* 
gis i-ii I IV 



Simr /I lypii.ills s.iriis liy ~ 1(K. in 1(K) niii-rnns 
W'Inii lln* largrl is ilinniin.iti'il liy Inn.nllianil inl 
liglil in llir OH 1.2 niiirnii i.ini»r. a IV riinr t an 
rrsiill if f is nf llir niilrr nf lO/i, nr nnr pisri. 
Fnillirininir, lliis nnisr iniiUKiiitiil will grnw 
linr.irli w itli lln- i-s|msnri-. 

Tin- lu-.itn-w.niilriing rllisls .mil ii-i:is|r.ilinn 
mors ninlil In- snnirwli.il ii-ilni'i il witli .1 stifirr 
i-lis'lioii lir.ini. lull llir gir.ili-s| inipinsrnirnt 
W'onlil rninr il lln- l.ni'rls ioiilil In- ni.iili- ninii- 
ninfnrin. 'I1ir 1 Im-f sniitir nl l.iii;rl nniininlniin- 
ilv .iii<i-s Ironi .1 I’.iln's -I'rtnl inirili'ii in-r w iiinn 
lln- siliinn iIukIi- l.ii-^rl. 'lliis ikiiiis .iI lln- inl 
mil nl lln- spnlr.il M-iisitisiti i.mgr wlirir llir 
l.iigrl Inssiiiii" Ir.ir.sp.iii'iit In (Ik- !niiili iil plin- 
Iniis ( I'lllr PIT I >. Pis-.niM- silnnn li.is .1 liirli 
lllllrs nl li'll.iiiinll. llirli- is sii^iillliMIll irtl.-i Imii 
.ll lln- l.iigil ImmiiiiI.itii-s i.iiiMii'4 si.iinlini; w.isrs 
In In- sil lip w 111 III I llir l.ilijrl. II ll.r l.il gi'ls w lii- 
llllllninilv llili k tin- 'pis ll.il 'riis||i\ily wniilil 


s. iry p- -I ini III .illy willi w as rlrni;lli. IlnsviArr, 
llir l.ir -,rls .irr nnl inninnnis llin k, wiili san > 
linns nl a frw- |H-tiriil In ing iiHiiinnii. anil lliis 
glsrs risi- In a niH instiiii liitr nf inli ili irni r 
Irint'rs. *L !,is inn insimi Inrr .ip|>« .irs .is sriisn 
lisily saii.ilnNis .n mss lln- l.ii^t l wliiili ili.ins;i 
willi ssavrlrir^lli. Knr illiiiiiin.ilinn willi ,1 n.ir- 
r'isv spislr.il li.iiiilwiillli, Tilli- rr|HHls nlisi-rsiiig 
sriisilisily s.iii.iliniis grr.ilrr lli.in 100'.'. lln -.r 
liilrrlrii'iH-i- friiigrs an- intl Inl.illy w.isin-il <miI 
lArii Inr liin.nlli.iinl illninin.ilinn in llir ml nnl 
nl lln- sriisilisily i.nigr sim-r tin- r.-iiJisi plintnns 
inn rilmli- rrl.ilisi-ly innn- siinnt'ls In tin- iiili-r- 
li-rniii-. I'In- ssasrlriii’lli at ssliiili lln- inirr- 
frrrni-i- rlli-ils Insninr sriiniis ilr|M-iiils nil tln- 
tliiikiiiss nf lln- laigri anil lln- p.iilinil.ir appli- 
c.ilinn iniilrr innsnlrr.ilinn. 

Kignri- .3 slims s an lA.iiiipIr nf llir Is |ir nl inlrr> 
li-rriirr dial r.in In- pmilinril ssln-n lln- siliis.ii 

t. irgrt is nnifnniils illiiiiiiii.itiil liy a pinlmlr 
liglit siMirir using a n-lalisrly mill iiH-ailrsii-nt 
ril.itnriil. lliis piiliirr li.is had tin- loss sp.itid 
fn-«|iirniirs riltirril mil in nrtli-r In piiHlni-r a 
miislanl li.ii kginniiil Irsi-I in lln- n-piiHliiitinn. 
Tin- ninllling nsi-r tin* nilirr pirlnir is ipiitr 
rrpiniliiiililr friHii fraiiir In ii -iin-. 'iliis n-prn- 
diiiiliilils IS slinssn in Kigiirr I ssin-ri- lln- ls<n 
npprr IrariA an- llir s.imi- si aii lini- finin dilli-ri-iit 
T\’ fraiiirs, and •l-.r rr|M-atril paltrni is nlisiniis. 
Tin- nils lltii lii.iliniis nf lln- np|M-r irai iA in I'igiiri- 
■1 art- alKiiil (i‘. nf lln- sidi-n sign.il IrsrI. \N'r 
li.isr ili-trnniiii'il lli.il dn-si- llnitn.itinns rriii.iin 
a rnnstaiil fi.iilinn nl lln- sign.il li-sri at all hut 
lln- si-ry Inssrsl r\|*nsiiriA and ran lliiis Ik- i-nii- 
sidrrrd In hr ispiis .drill In s ari.itinns in ipi.inlnm 
ririiirmy. 

Tin- iKittniii trail- III |-'i|'iiii- 1 is lln- diflrn-iHi- 
nf tin- npprr Iwn and shnsss .ilninsi pnii-it rlimi- 
n.itinn nf tin- I'.ihrs -Pi-rnl typr inii rnsirin tiiri 
Tin- rrni.iining iliii tii.ilinns in tin- iliflrirnn- nf 
tin- Iwn ImiA is a iiir.isiitr nf tin- ai tii.il nnisr in 
lln- sssirin. ll is lln-sr nils lliii tii.itinns nl s(\i lal 
fl.niliA .iImiiiI llirir lllr.in ih.il li.isr hi-rii pinlird 
.IS tin- tnp Inn- nf f'lgiiir 2 . 

Tin- simIi- si/r nl lln- iiiii rnsliiii liiir ss.is driri- 
inilird hs i rnss iniirl.ilinii .iil.ils sis nf lln- nnl- 
fnnii i'\|Mistiirs. w liii ll iiidii .ill'll lli.it tin- rniirl.i- 
linii Irii-gtli nl lln- itiii inslnn tnir w .is «i| ||k- nidi t 
nf IlKI^ In 200/1. sslillr lln- inirrl.iltnn Irtiglli 
nl tin- dlllrlrliir nl Iwn pinprils Irgisli-lril 
li.iiiiiA w.is 10 /( 1)0/1, ni .iImii-| ihr s.niir .is lln- 
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Fic 3 — pHiiitr iif mit lo^liiultirc lakrii iiiMirr iinironn illiiniiM.itmn uilh a ci»l<l iiH'atNl<*^'ml 

riljnw-iil. Tilt' IiI.kL .iihI wliilr liliiiil<lir« 'I'lif ii.itllliiit; l» llx* Kahn' i’ciot laiKii itilrtfririHt. 


rcvtiiitioii timil nf ilii* 

All fr.inii's iiv-d In iiiinpiilc llic iHiisr oi I'i^jiirc 
2 vvm* rc^istcrcil In williiii oiir ni\i-l (|0^). Il 
it app.iu'itt lli.tl llir iniirotlriu tiin- lias not liivii 
(‘ompU-lrls i-liininalfil, ami lliat tlif nsiilliiig 
iMiisi' K-\fl IS l\so In tliri’i* limrs tin- “rsjxtlrd" 
nois4- liAi l. Alirnipis lo ri'^isU-r rr.iiiu's In frac- 
tions of a pixel can ina'wc sonic iiiitlicr improve- 
niciit, lull llic rc\;is|ralioii error was not found to 
In* consistent for .ill set^ineiils of llie tarpt, •ind 
could niK-tiiale liy S pixel \\ itliin a single scan 
line. .\'ois4' lliu tii.itions in llie eliHlion lieain 
swix'p rale of a less p.iils in 10* can easily 
acsouni for tins. 

Spali.d Konrier .ni.ilxsis of single si.iii lines, 
anti ol llie ilineKiitf of se.iii lines liel\\«‘t*n 
fr.inies iiulu.it''s .1 le.isiiii.iMy ll.it jimter spiv- 
tnini lieitteeii 1 .iiiil 10 mm lint tliere w.is 
si^nifie.iiil \lf noise op to sp.ili.il Irispiencies 
ol 2 mm* '. I III' eoiiltl lie e.iiisetl li_\ xeilu .il oscil- 
l.itions ol tlie lioii/ont.ilK se.mnm^ eletlioii 
li'Min: llie oseill.it l•>Ms toiild Ih* niiintssi liy 
llisl.ilnlltles III llie xeltic.d sueep .inipllllers. 
Tliis ellix I is .ipp.iieiil m llie liottoni true ol 


Fij;nre -I, xxliere llie liaseline is sliglitlx peaked 
in tlie center. Tlie i ITtvt is of the older of IV -2V, 
xsliieli ctinitl easily lie ('eiieraletl liy I ^ xertical 



' * 

V 

’ >• s. 

'•s. 


4 

% 

A 




' ' s'- . 

' ' ' ‘ 


Kic i — Os« |||<|S<S>|M' II.U'IIII'S <if |Mitll<Hi« of llir saiiir 

liiH- Innii IMO ililli'ietil Ii.iiih's. llie lionoiii Iiih- is lh<‘ 
illlTrii nee ttf llie IO|t luu .iiiil Miilii .iles llie |<-|M aljliilils 
III llie iiiKriisIniiliire I'lie eS|Hisiiie lesel tsas A X lur 
elis Irims/o siiliiliiiii 1 teiiN'iil mIii'U- ihe teMiliillmi ele- 
IIM-Iil .IS ilefiiii it III tlie l< si Is the Mini of Iihii iIuIs in llir 
fipire. 
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• iV'tll.lllOMK (ll •III' t ilt iMtII Im ,lin. 

lU |>l.|l Mil' .1 |lll’tl III l^MMlilli wllltll •ill- 

Miilis lii;lil "I w.ivi'li iiijMi t'M'ilIrr ill. Ill 'HHiO.V, 
Ih'Iwi'I'Ii ill*' lii^ht MNiiit- .iiiil till* \iiIki»ii, vir 
ui-ir .ilili' III Mill ■l.iiili.illy M'llut llir iiiK iiiNliiii'- 
lull* III out 2IMi-lliii 1^ l.iil^i'l 1\‘i‘ .it^.iiii HUM* 
viiMtl ill*' lint lii.iliiiiiN iM'lwrt'ii iilriilit .il iA|>o< 
ilirtA, .mil llirsf li'Mills .III' .iImi sliiittii III i'll;llli' 

2. 1lii' iioiM' li-M-l it tii;iiifii .Hilly ri-iliiti'il. 'ml 

Sllll Wi ll .iImIM' llll' |)lllll0l| \l|0| IIIIIM' Il'M'l. 

I ll iiiiiiiiiii/r ilillii iillii't willi llll- Hilt rosi rue 
lull* III iliiAr l.ii^i'lt, w'l’ wiiiilil Mii^ijiAi lilli iiiii; 
mil lii^lil of w.iti'lriiulli l.iri'i r lli.iii 'Xmo .V m llir 
20/4 l.iim'Is .mil 7000 A Ml llll' I0/4 l.iriji'lN. 
Tilli* li.it timi'rtiftl llll' l.ii^ilt Ik* t'li.ili'tl 

w ith .III uiiliii llit liM' l.iM r In niliiiv llii* iiitrr* 
fi'ri'iKi* fflit I Hiffiilli MAi'r.il iii.miil.it liiri-rt 
lia\i‘ .iimoiiiiri'il .1 pliiiliHiiiiiliit li\ I' vitlit'iiii w ith 
i|ii.iiitum t'Hit’ii'iMV ^ri'.itiT th.m out In 

KOIKI.l ■ my Ilf till' piiilili'ins wt' t'litiiimlrii'tl 
with *1 t .itoii ihiitif \iiliciiu thiiiiltl iiol lit- 
p.'r.i’iil with llii'tt* IiiIm's iKt.mtt' ihi'ir tp.ili.il 
slnitiurr it iiiiilurin. 

X'. OlitiTViiliiiiiiil liiiplii'.iliii It 

This tit'liiiii ilitfiittt't tiimi* of llif ulisi*r\.i. 
tiiiii.il .ipplit .iliiiiit .iiitl tiiiitlr.iitilt lh.it wniilil he 
iiifliii'iHi'tl li\ ihe tlittiittiiiiit III the previoiit 
sitlitmt. rill* rel.iliti'lv hii;h lliii'thiitil imise of 
lilt* tilit'im \ iilit'iiii im|>ht't th.it it w ill he exlieme- 
ly ilillii-ult ifiiiil iuipiittihle In iite it fur ileep tkt 
ohteiv.iliiiiit. I’lit ex.iinple. tiip|Hite one iletiretl 
In ilt'lii'l |Niiiil Miiiit'eN with .i turf.iet* hri^hliii-tt 
of out' pt'i'eriil Ilf the iii^hl tky lurk^rnimtl. 'nie 
miiiimuiii ti^ii.il-ln-iiniti' i.itin |K'r pit-lure ele- 
mi'iil wiHiltl iht'ii li.ite In he MX). 1. .\t .i tl.iik 
liite tilth at Kilt IV.ik. the tkt hri^hliiett inti' 
tleiil oil the viiht'iiii in the h.mil iH-twerii 701X1 A 
MXK) wniilil lie Ilf the imler nl I..5 X li)* f 
phiitiiiit fill •*’ tff where f it the fiK-.il t.ilin 
Ilf the It'letfiipe ill iite ( Hiu.itlliMil .mil Keiitl.ill 
l‘XiS). 

Kiiiiii ri^iiie 2. we tee th.it il we eollit t 2 X 
10’’ I'h'f liiiiit/ietnliitinn eleniriit (lO/i X >0/t) 
we will .ii hirte a S/N of ^ll'.ller th.m 100. II the 
ovei.ill i|ii.mluiii i irifieiitt ut the titletii it « 
(iiplimitlit .ilh 0.*>) the mli'i;r.iliiiu time le* 
ipiiieil It It) f ' tftiHiilt Ktfii I'll .1 l.itl 
iiptii'.il t\ stem till* iiilei;i.itiiiu liiiii* 

wiiuhl lit* Ilf the oitlei iil tit hiiiirt. w hit h it tnt.il 
Iv iiiiie.iMiti.ihle. The thiethiiM unite iil the tih* 


enii ihfiite Miheniit it .ilmiit four timet hii'liei 
th.m we h.iil aiitii ip.iteil it wimiIiI he, a* ? it a 
iii.i)iir ihawh.ii k tn the iitt of tihinii lh•e.'' tiili* 
tout. Mest.itlUii the titil.itloii. the lil'^li threthohl 
IHilte iiiipllet th.it the S/\ i;iowt hlie.ltlt with 
tl^ll.ll until the ti^ii.il li t el ;t i;ie.iti r th.m JO ^ 
elet |rniit/i< vihitinii eleuieiit. 

Xliothel telloiit plnhlem III liniliii pliotniiietry 
i.l \t*r\ faint iihjittt it tn ehmiii.ite nr tn inii* 
trill the li.it kli'^htlliK nl the t.ir^et finin the i hv 
troll Im'.iiii i.ithnile l.ii’ht (rniii the hot lil.imriit 
t.iii le.ik thrnii^h the exit .i|n rture of the i lettrnii 
|',llli. aril] ttrike the h.ilktiile nl the tihinii Kteli 
w ith the ni.itiieiit t iirieiit liiiuitl tinw ii ipiite low , 
ill all iuti*Kt.itinii time of niie tiiiiiiite, wt tiiiihl 
tee all nhtini- '...illt-et e pattetii t .iiiM'il lit lil.i* 
ineiit h.it kh^htiii^ Ilf the t.iiijet 

Duiiiii’ * 1111)1 attriiiiniiiit.il ex|)nturet u it 
etteiitial that the ril.mieiit Ik* nil. hi nriler tn 
ettahlith the /ern tkt •ex|>ntme letel of the t.ir- 
l*et. it it altn etteiiti,il for the lil.imeiit tn h" nii 
iiir a ilefiiiite. repe.it.ihle time iiiteital tluniii* the 
reaJnut anil prep.ir.itiim priH-eilun*. \ )<n<Mi w.it 
to tin tint tviiultl Ik* for 'he ni.imeii' tn Ih tuiueil 
nlT autnmatit.illy at the eiiil nl tlu piep.ir.itinii 
*>riK-t*tt. .mil for the le.itlniit piinett to iKiur 
mtom.itii.illy after .i f'ltetl time mteiA.il linili 
’then the fil.imeiit it tiiriietl li.u k on. 11iit ttpe 
Ilf priKi'tliire h.i» Ih*i*ii iiteil lit \lfC?niil .mil 
Hotel (l‘J7.J), Imt the lil.iiueiil t iiii' .'I watni.muah 
Iv ii|K*i.iti (I ill niir tyttem 

X’l. C^oiK'lutiniit 

I'hf ipi.mtil.itite evahiatiiiu nf the tilitnii 
iliiiile tiilit nii preti iiteil here h.it ilemniittr.iteil 
the leatihihtt nl iitiii|i tliew* iletieet fni hii;h* 
privitinii, liii^hlhix, hin.iilh.mtl .ittiiiiinmif.il 
prnhlemt XVe li.it e thnwii tli.it .i tlyii.iiiiie i.m^e 
Ilf ,it le.itt IIXK) f.iii Im* ftpix till, th.it tii'u.il-tii- 
unite i.itint nf 2<K).I art* e.isilt nht.iiiietl, ami that 
a tp.iti.il letnlutiiiii nl 'itri iiiiit..itt .it It) ttflex 
mm * f.iii he afliieti-il (ainhiii; the tiilH*t to 
— (>()'' (’ reiluiet the le.ik. i..Ii* fiirifiit iii tlu tar- 
I’ftt tn .1 low fimil'^h lete! to allow tetel.il linlilt 
of iuti*);r.itiou with no .ipprix i.il ile lott of tit • 
ii.iiiuf r.mi;e. 

Ill tpite III the r.ithei i.iomitini; letiillt mill- 
tioiieil .ilnite. thele .ire tome piohlemt wlilf'i 
mutt III* fotitiileri ll III .lilt .ipphi .itioii nl the 
tihfiiii iliotle tiillfoii. 'I1ie pinhirmt nf I'.ilitx • 
I’fiot llltfilflriife within the t.ilt^et t .iim.it he 
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i!‘sii tf'ii)!) «l .Hill iiii!f'\s till II* .III* iii.ijiii I li.ini'i-s 
Ml llir III. Ill'll. II 1111111*4 lit liiii<|iii s, iliii 'mII II III III! 
u I riilili III. Hi .iiii'Mv ill liiii*4 iMiisi* |iii \riiil\ 

liiiiils liii* ltiii'>liii|il III llii* lull. A .mil uill iiImi 
iii|iitn III. mill :i liii iii*4 i li.m^iA il il i\ In In* 

1*11111111.11111 rill* |iriilili'iii\ .isMM i Ill'll xMlIi till* 
iliM n il* sliiiitiiii' 'll till* 1.1141*1 I'.iii Im* ti iliiiril 
liy i*iii|iloj. iii*4 iiiorr-sl.ilili* ,mil ir|iriiiluiililr rlit** 
Iron Im-.iiii iiiitii'N .mil t.ii4rt<> uitli ilo\i*r p.ii'kril 
iliiali-N. lint till* ili<a ii II* \triii'liiir piolilrm will 
proli.ilily I'lMiliiiiii* to In* .1 liiiiil.iliuii on tin* 
aliilit*. ol tlii'M' ilr\ il l's lo .11 liii'X I* <|nanlnin noi>r 
iiiiiil o|)i*Miion o\: I tln*ir fiill ilyti.imii 1.11141*. In 
ailililion. .illrinpt*. to nii|>*ii\i* tin* vji.ili.il riAoln* 
lion XV ill a44rrx .it'* llii M* |>rolili-tns. 

In sn.ninaty. tin* x.irionv ail\.mia4i*s .mil iliv* 
ailx a:it.i4i*s oi tin* \iliinn ilioili* xiiliion vlionlil 
Im* cari'Inlly lotisiili-riil lK*rnii* tin* ili-civinn to nsi* 
0111* oi tlii-vi* ili*xiii*s is III. nil*, in in.mx instanii's. 
thi* 4 riat a1K.1nt.14iA xvill iar iiiitxxi*i4li tin* 
liniit.itioiis, .mil tin* silii-on xiiliion i.in Im* nsrii 
i*n'ii’ii*ntlv to xii'lil tiiiiMtil.ini iirxx* sci'-nlirii' ri*- 
snlls 

- Thi*ri* an* in.inx |)i*oj)Ic xxlio li.ivi* lonlrilinti-J 
to tliis xxork. jolin laixx ranii* .mil I’.inl /ni-iliino 
of till* Astrojilixsii.il Siiriiii's Drji.iilnirnt at 
Priiiirton liavi* Ih iii rxirnnriy lirljifnl .mil 4rii* 


rr'His in Ii*ii<liii4 i'i|n'|imriil .mil .nix in*. Jolm 
Ml. II I onslrni li-il ili i .inirr.i lir.nl .mil .issistnl 
in sonir of till* r.iily inr.isinrnirnls. Kn4rin* (air- 
lion ol III II rrlr|i|iimi* I .alMir.iloriiA, Mnir.iy 
Hill, tn.nir srsri.il lirlolnl SII441 stions. Onr of 
ns (l'.(^) riijoyril till* liosjiil.ilitx oi till* Asjm II 
(.‘riiti*r lor I'liysirs xxln-rr jMitlions ol tins work 
xxrii* ioiii|)lrti*il. 
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C. '■Jon^ral Hfctric IR Vldlcon and OentTal Klectric Ctun* ra Klcctronlcc Kvaluatlon 
A 'if 7~T)iU Typt! vldlcon which was mounted In a fJE furnlchod cooled camera 
head war. ctudled. 

H»e f'ih camera operated at 30 frames/Bcc with 2;' Interlace readout and had 
the capability of adjustable Inte^^ratlon period. Tests were rur. with intet^, rat Ions 
up to ’0 minutes. 

Tlie Of. camera was tested on the 36 " Princeton telescope with observation of 
Jupiter, Mars, and Mira. The sources were detectable but S/N was poor even with 
lonp. Integration. 

Additional laboratory evaluation determined that the threshold signal for 
the GE system wis 5.6 x ‘^/cm^ at 2.5 microns with a bandwidth of 0 . 15 microns. 
This threshold proved to be too high to Justify any additional scientific observa- 
tions. 




